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(54) Gear pump

(57)  The present invention regards a positive dis-
placement rotary gear pump (1) of the reversible type,
i.e. onethatis able to operate in both rotational directions,
with inversion of suction and delivery, without loss of
yield. More particularly the pump (1) of the present in-
vention regards a pair of meshing toothed wheels (3,4)
comprising shafts (32,42) supported by bushes (9,10) in
abutment on the rear cover (8), said rear cover (8) com-
prising afirst chamber (11) placed in fluid communication
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with a first opening (5) and a second chamber (12) placed
in fluid communication with a second opening (6), and a.
third chamber (13a,13b) selectively placed in fluid com-
munication alternatively with said first (11) or with said
second (12) chamber, said chambers (11,12,13a,13b)
being arranged at the abutment surface of said bushes
(9,10) against said cover (8), the openings (5,6) alterna-
tively carrying out the function of suction or delivery open-
ing.
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Description
Field of application

[0001] The present invention refers to a positive dis-
placement rotary gear pump.

[0002] More particularly the present invention refers to
a positive displacement pump of the reversible type, i.e.
one that is able to operate in both rotational directions,
with inversion of suction and delivery, without loss of
yield.

[0003] Positive displacement rotary gear pumps are
used in various industrial sectors, where they transfer
mechanical energy to a fluid operator that is intended to
engage mechanical actuators such as linear hydraulic
jacks.

Prior art

[0004] Gearpumps commonly consist of a pump body,
comprising an inlet and outlet for suction and delivery,
which house two toothed wheels that mesh with each
other, supported by apposite bushes. Usually one of the
two wheels, called the drive wheel or pinion and made
to rotate by means of an external motor, engages in ro-
tation the other wheel, which is called the driven wheel.
[0005] During the rotation the compartments that are
present between two concatenated or consecutive teeth
of each of the toothed wheels, generate a volume and
thereby aspirate a fluid, usually oil, coming from the suc-
tion opening, and conduct it laterally along the inner wall
of the pump body towards the delivery opening. The tight
sealing preventing reflux from delivery to suction is as-
sured by the pair of interlocking teeth of the two wheels
and the low level of leeway between the head of the tooth
and the pump body’s wall.

[0006] When pumps of thiskind are used for high-pres-
sured delivery, it happens thatthe meshing wheels, when
they are helical, generate an axial push that is unloaded
on the posterior cover, called the hood, and on the ante-
rior one, called the flange.

[0007] This phenomenon of axial push, which is ideally
nonexistent in pumps with straight-toothed gears, be-
comes relevant in pumps with gears with helical teeth,
where the meshing between the toothed wheels is
caused by the mechanical axial push, and to which the
hydrostatic forces from the fluid under pressure are add-
ed.

[0008] This axial push involves a slow and inexorable
wear and tear of the lateral faces of the toothed wheels
and the support bushes, and consequently a loss of seal-
ing between delivery and suction and therefore over time
causing a considerable decrease in overall performance.
[0009] Inorderto overcome these inconveniences the
pump may be configured in such a way that an axially
pushing force is created that is opposed to the one gen-
erated by the rotating toothed wheels.

[0010] In particular, from the rear cover the shafts of
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the two wheels are made to rest on two abutment pins
that are mounted in an axially slidable and sealing man-
ner between the respective housings on the rear cover
itself or on an appropriate intermediate plate.

[0011] The ends ofthe backing pins opposite the shafts
flank a shared chamber located on the rear cover and
placed in communication with the delivery outlet of the
pump. In this manner the fluid under delivery pressure
that comes to occupy this chamber, exercises a direct
pressure on the two pins, pressing them contrary to the
axial push generated by the rotating toothed wheels. In
addition, also the bushes proximal to the rear cover are
with their annular profiles in correspondence with said
chamber, so that they too are exposed to the pressure
exercised by the fluid under delivery pressure.

[0012] To sum up, inthe prior art the fluid under deliv-
ery pressure that is present in the chamber on the rear
cover of the pump is used to counter the axial push from
the rotation of the toothed wheels.

[0013] To obtain an effective force to counter the axial
push from the rotation of the wheels that is sufficient and
distributed enough to create a balanced system, it is nec-
essary that the pressure exerted by the delivery fluid in
the chamber acts on a surface of the bushes that is pro-
portional to the corresponding area under pressure on
the other side of the bushes.

[0014] Tothatendthe chamber,in communicationwith
the delivery outlet, is commonly made with an omega
conformation obtained in correspondence with the inter-
nal part of the external edge of the bushes, whose exter-
nal profile is substantially shaped like a figure "eight".
This omega-shaped configuration of the chambers
placed in communication with the delivery outlet, allows
one to have a surface extension that is adequate and
greater than that of the common further chamber, usually
asmall channel placed in communication with the suction
inlet and therefore reached by the suction fluid that is
definitely pressurized less than that of the delivery.
[0015] Although this configuration allows for optimal
operation each time the chamber with the greater exten-
sion (the omega-shaped chamber) is in communication
with the delivery outlet and the small channel with the
suction inlet, this configuration is unsuitable, however,
whenever it is necessary to invert the use of the pump,
i.e. to invert the function of the suction inlet and delivery
outlet.

[0016] In fact, by inverting the direction of rotation of
the toothed wheels the omega-shaped chamber having
a larger extension will be filled with pressurized suction
fluid, whereas the small channel will be filled with pres-
surized delivery fluid (higher than that of the suction fluid).
[0017] This means that the two pushing pins of the
shafts of the toothed wheels and the two bushes that are
proximal to the rear cover, are no longer exposed to the
pressure of the pressurized delivery fluid from the ome-
ga-shaped chamber, but to that of the pressurized suc-
tion fluid, which, being much lower than that of the deliv-
ery, is insufficient to counter the axial push due to the
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rotation of the toothed wheels.

[0018] In brief, with an inversion of the direction of ro-
tation one loses the equilibrium obtained with the previ-
ous rotational direction, with a resultant noticeable loss
of performance of the pump.

[0019] In other words, gear pumps known from prior
artare notvery suitable to be used in areversible manner,
i.e. in such a manner that the functions of the suction
inlet and delivery outlet can be inverted.

[0020] Positive displacement pumps of the reversible
kind are known that produce an acceptable outputin both
rotational directions, but this reversability is obtained by
means of solutions that appear to be fairly complex and
expensive.

Summatry of the invention

[0021] There exists, therefore, a noted need for a pos-
itive displacement rotary gear pump that is able to func-
tion with high performance in both directions, guarantee-
ing great versatility in application and at the same time
an ease of use that is comparable to pumps known from
the prior art that are able to function optimally in only a
single direction, within the field of a constructive solution
that is simple and rational and that requires small con-
structive modifications to prior art pumps of high perform-
ance in a single direction.

[0022] The object of the present invention is providing
a positive displacement rotary gear pump having struc-
tural and functional characteristics that meet with the
abovementioned requirements and that at the same time
overcome the inconveniences described above with ref-
erence to the prior art.

[0023] This goal is obtained by means of a positive
displacement rotary gear pump as described in claim 1.
[0024] The dependent claims describe preferred and
particularly advantageous embodiments of the pump ac-
cording to the invention.

[0025] Further characteristics and advantages of the
invention will become evident from the following descrip-
tion, provided by way of non-restrictive example, with ref-
erence to the Figures in the attached illustrations, where-
in:

Brief description of the drawings
[0026]

- Figure 1 shows a perspective view of a pump ac-
cording to the present invention;

- Figure 2 shows a side view of the pump in Figure 1;

- Figure 3 shows a front view of the pump in Figure 1;

- Figure 4 shows a cross section on a vertical plane
along the line IV-IV of Figure 3;

- Figure 5 shows a cross section on a horizontal plane
along the line V-V of Figure 3;

- Figures 6, 7 and 8 show a cross section on a vertical
plane along the lines VI-VI, VII-VII and VII-VIII of
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Figure 2.
Method for reproducing the invention

[0027] Referring specifically to Figures 1-5, 1 generally
denotes a positive displacement rotary gear pump ac-
cording to the present invention.

[0028] The pump 1 comprises generally speaking a
pump body 2 which internally houses a toothed driving
wheel 3 and a toothed driven wheel 4 (Fig.4).

[0029] In the illustrated example the toothed wheels
3,4 are of the cylindrical kind with helical teeth, but nat-
urally the invention can be applied also in cases where
different wheel types are used, e.g. with cylindrical gears
with straight teeth.

[0030] The pump body 2is provided with a first opening
5 and a second opening 6, that alternately function as
suction inlet or delivery outlet, according to the direction
of rotation of the toothed wheels 3, 4, i.e. functioning ac-
cording to the direction of rotation transferred by a motor,
not illustrated, to the driving wheel 3. The Figures illus-
trate a structure that allows for the obtainment of a prin-
cipal functioning in which the first and the second opening
5 and 6 respectively function as suction inlet and delivery
outlet.

[0031] On the sides of the pump body 2 a front cover
7 and a rear cover 8 respectively, the latter also called
the hood, are fastened with regular fastening means such
as screws.

[0032] Inthe example the openings for suction and de-
livery 5, 6 are axially obtained on the front cover 7, but
of course any other collocation may be adopted, such as
placed opposite each other on the pump body 2.

[0033] The extremity 31 of the shaft 32 of the drive
wheel 3 to be attached to the pump’s motor drive shaft
passes through and protrudes from the front cover 7.
[0034] Inside the pump body 2 the shafts 32 and 42,
of the drive wheel 3 and the driven wheel 4 respectively,
are supported by two pairs of bushes 9, 10 that we will
call front and back respectively (Fig. 4). In the example
each pair of bushes 9, 10 is formed by two separate el-
ements, but it is also possible that each pair of bushes
is made as a single piece.

[0035] According to the present invention the two rear
bushes 10 rest against the rear cover 8 on which there
are afirst, a second and a third chamber that will be better
described further on (Fig. 7).

[0036] In particular the first chamber, indicated by 11,
is in communication by means of a central appendix 11a
with the interior of the pump body 2 in the area reached
by the fluid that comes through the first opening 5, in
correspondence to the suction inlet in the illustrated ex-
ample. The second chamber 12 is in communication by
means of a central appendix 12a, with the interior of the
pump body 2 in the area reached by the fluid that comes
through the second opening 6, in correspondence to the
delivery outlet in the illustrated example. In practice the
first chamber 11 communicates with the first opening 5
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and the second chamber communicates with the second
opening 6. The third chamber is concretized in two dis-
tinct opposite areas 13a and 13b and interconnected by
a connection duct 14 closed at the ends and located in
the rear cover 8. This connection is created by two par-
allel lines 15 that run from the connection duct 14 and
that lead centrally into the two areas 13a and 13b (Fig. 4).
[0037] The connection duct 14 is placed selectively in
fluid communication with the first chamber 11 or the sec-
ond chamber 12 by means of a first transverse duct 16
that is closed at the ends by two caps 22 that are acces-
sible from the outside, and from which two parallel lines
17 run that lead into the first and second chamber 11, 12
at a respective central hole in the appendices 11a, 12a
(Fig. 5).

[0038] In the example embodiment illustrated here,
provided by way of non-restrictive indication, both the
connection duct 14 and the first duct 16 are located inside
the rear cover 8 where they cross centrally, forming a
crossed configuration.

[0039] Inorder to fluidly connect in a selective manner
the connection duct 14 with the first chamber 11 or the
second chamber 12 so that the two areas 13a, 13b are
connected exclusively with either the first chamber 11 or
the second chamber 12, the use of interception means
is provided which in the example take the form of a shutter
body 18 inside the first duct 16.

[0040] In particular said shutter body 18 has a cylin-
drical configuration with a variable cross-section and
mounted in an axially floating manner inside the first duct
16.

[0041] More particularly the shutter body 18 is made
of a single piece of three cylindrical elements, of which
the central one 18a has a larger cross-section, and the
two lateral elements 18b, identical in the example, are
also cylindrical but with smaller cross-sections. The di-
mensions of the cylindrical elements 18a, 18b are chosen
specifically to allow for the possibility of interruption of
the communication between the central element 18a with
the larger cross-section and one of the two chambers 11
or 12. In the example the diameter of the central element
18a is close to the internal diameter of the duct 16 within
which it slides.

[0042] The interruption of the connection occurs when
the central element 18a with the larger diameter is
moved, always on the inside of the first duct 16, along
one of the lines 17 (to obstruct it) that lead to the first
chamber 11 and the second chamber 12, leaving open
the remaining line 17 and as a result creating a unique
connection with either the first chambers 11 or the second
chamber 12.

[0043] The movement of the shutter body 18 inside the
duct 16 is controlled by the difference in pressure be-
tween the delivery and the suction, which in practice cor-
responds to a pressure difference between the first
chamber 11 and the second chamber 12.

[0044] Basically the shutter body 18 allows the two ar-
eas 13a, 13b of the third chamber to be placed in unique
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communication with only one of either the first chamber
11 or the second chamber 12, the one with the fluid that
is pressurized the most, i.e. that chamber that is in com-
munication with the opening that serves as delivery out-
let. This is due to the fact that the shutter body 18, pushed
by the pressure of the delivery fluid that reaches the first
duct 16 through one of the two lines 17, interrupts the
communication with the chamber with the fluid with the
suction pressure, with is lower than that of delivery.
[0045] In other words, the shutter body 18 functions
as an isolator between the chamber (denoted by 11 in
the example) placed under suction pressure and the first
duct 16.

[0046] The chambers11,12,13a, 13b obtained on the
rear cover 8, are arranged in correspondence to the rear
faces of the rear bushes 10 that rest directly on the rear
cover itself.

[0047] In practice the annular profile of the rear faces
of the rear bushes 10 will be positioned in correspond-
ence with the three chambers 11, 12, 13a, 13b that are
arranged along a tract that substantially replicates the
profile of the bushes themselves, but nevertheless re-
maining within the external perimeter of these, denoted
by a dashed line in figure 7.

[0048] In the example the first chamber 11 and the
second chamber 12 are identical and arranged opposite
each other, just as the two areas 13a, 13b are identical
and arranged opposite each other. This should not be
interpreted, however, as limiting the rights of the appli-
cant, inasmuch as the relative arrangement of the above-
mentioned chambers could be different for constructive
reasons.

[0049] Inthe example the three chambers 11, 12,134,
13b are confined by the grooves on the rear cover 8 and
separated by a seal 19, opportunely located inside a
shaped groove, to prevent the fluid under high pressure
from seeping through to the chamber (either the first or
the second) with the lower pressure.

[0050] It should be remembered that, although the first
chamber 11 and the second chamber 12 are completely
covered by the rear bushes 10, they are nevertheless
placed in communication with respectively the delivery
outlet and the suction inlet, or vice versa. In the example
this is obtained by shaping the chambers 11 and 12 in
such a way that they have respective central appendices
11a, 12a, that are not covered by the rear bushes 10 but
project from the external perimeter defined by these so
that they are placed directly in communication with re-
spectively the first opening 5 and the second opening 6,
as shown in Figures 7 and 8.

[0051] Operationally, when the pump 1 is activated
with the first opening 5 used for suction and the second
opening 6 used for delivery, the fluid, usually oil, is aspi-
rated through the first opening 5 and delivered through
the second opening 6.

[0052] The second chamber 12, which communicates
with the second opening 6 through the appendix 12a, is
reached by the high pressurized oil, whereas the first
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chamber 11, which communicates with the first opening
5 through the appendix 11a, is reached by low pressu-
rized oil. The high pressurized oil in the second chamber
12 pushes the shutter body 18 that is present in the first
duct 16 so that it interrupts the connection between the
firstchamber 11 (with low pressure) and the duct 16 itself.
[0053] In this position the fluid acts against the shutter
body 18, bringing it in abutment against one of the two
closing caps 22 of the duct 16 (Figs. 5, 6). In this position
the central element 18a blocks the passage of the fluid
between the duct 16 itself and the line 17 that leads to
the first chamber 11 (Fig. 5).

[0054] At this point the oil under delivery pressure
passes through the part of the duct 16 that is left open
by the shutter body 18, and reaches the second duct 14
from which, by means of line 15, it reaches the two areas
13a and 13b (Fig. 4).

[0055] In this manner the oil under delivery pressure
is present both in the second chamber 12 and in the two
areas 13a and 13b of the third chamber. Thanks to this
lay-out the forces that are exerted by the pressurized oil
act against the face of the rear bushes 10 in contrast to
the axial force that is generated by the toothed wheels
3, 4.

[0056] By reversing the operational direction the sec-
ond opening 6 will be placed in suction whereas the first
opening will be placed in delivery. The cylindrical body
18 is pushed by the force of the oil from the other side of
the one of the previous operational configuration, to shut
off the connection between the duct 16 and the second
chamber 12, placing in communication the two areas 13a
and 13b with the first chamber 11 which contains oilunder
delivery pressure (position not illustrated).

[0057] In practice the shutter body 18 isolates the duct
16 from the chamber that is in direct communication with
the fluid at suction pressure, and places it in exclusive
communication with the chamber that is in direct com-
munication with the fluid at delivery pressure. The second
duct 14, which is centrally in communication with the duct
16, is traversed all along its extension by the fluid under
delivery pressure that arrives from the portion of the duct
16 that is left open by the shutter body 18. From the duct
14 the fluid reaches, by means of lines 15, the two areas
13aand 13b, in order to fill these with high pressure fluid.
[0058] In other words the two areas 13a and 13b are
always placed in communication with the chamber that
is in direct contact with the fluid that is under delivery
pressure, and as a result always communicate with the
opening that functions as the delivery outlet.

[0059] In this manner the overall area occupied by the
fluid under delivery pressure that acts in contrast to the
axial push generated by the rotation of the toothed
wheels, comprises one of the two first 11 and second 12
chambers (dependent on the rotational direction), as well
as the two areas 13a and 13b of the third chamber, thus
creating always the same overall surface (when the first
and the second chamber are identical, as they are in the
example), independent from the pump’s direction of ro-
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tation.

[0060] This determines an axial push in contrast to the
opposed axial push generated by the rotation of the
toothed wheels, which assures an equal and elevated
performance of the pump in both rotational directions.
[0061] In accordance with the preferred embodiment
of the present invention, from the rear cover 8 the shafts
32, 42 rest on a pair of respective abutment means 20
that are mounted in an axially slidable and sealing man-
ner between the respective housings 21 on the rear cover
8. The bases of these housings 21 are placed in com-
munication with the connection duct 14 in order to be
reached by the fluid under delivery pressure, so that the
means 20 are pushed to counter the push generated by
the rotation of the toothed wheels 3, 4.

[0062] This pressure on the abutment means 20, to-
gether with the force generated by the pressurized fluid
that is present in the chamber communicating with the
delivery outlet (either the first or the second chamber)
and the areas 13a, 13b of the third chamber which is
exerted directly onto the rear bushes 10, contribute to
keeping the combination of toothed wheels 3, 4 and the
pairs of bushes 9, 10 in abutment against the reference
plane that is created by the face of the front cover 7 di-
rected towards the interior of the pump body 2.

[0063] In the present invention, the terms high pres-
sure and low pressure are intended to mean delivery
pressure and suction pressure respectively.

[0064] Asmay be understood from this description, the
positive displacement rotary gear pump according to the
present invention meets with the demands and over-
comes the disadvantages described in the introductory
part of this description with reference to the prior art.
[0065] As a matter of fact, the positive displacement
rotary gear pump according to the present invention per-
forms with a high yield in both rotational directions of the
toothed wheels.

[0066] Moreover, this pump does not need to be sup-
plemented by any device in order to function correctly in
both rotational directions, which makes inversion of ro-
tation by the user extremely easy.

[0067] Lastly the wear and tear of the internal compo-
nents of the pump, particularly of the toothed wheels and
the bushes, is in no way influenced by any possible con-
tinuous and sudden changes of direction of the rotation
of the toothed wheels.

[0068] Obviouslythe positive displacementrotary gear
pump as described above is amenable to numerous mod-
ifications and variations by someone skilled in the art to
meet with specific and contingent demands, but these
nevertheless fall within the scope of protection of the in-
vention, which is defined by the following claims.
[0069] By way of example it is possible to place be-
tween the rear cover 8 and the pump body 2 a plate which
contains the chambers 11,12, 13a, 13b and the housings
21 for the abutment means 20.
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Claims

Positive displacement rotary gear pump comprising
a pair of meshing gear wheels (3,4), respectively
driving and driven, enclosed inside a pump body (2)
closed by opposite axial seal covers, respectively
front (7) and rear (8), and provided with a first open-
ing (5) and a second opening (6), said wheels (3,4)
comprising respective shafts (32,42) supported by
bushes (9,10) in abutment on the rear cover (8) and
on the front cover (7) and subjected in use to pres-
sures which determine an axial thrust, said rear cov-
er (8) comprising a first chamber (11) placed in fluid
communication with said first opening (5) and a sec-
ond chamber (12) placed in fluid communication with
said second opening (6), said first (11) and second
(12) chambers being isolated from each other, char-
acterised in that said rear cover (8) further com-
prises a third chamber (13a,13b) selectively placed
in fluid communication, by means of interception
means (18), alternatively with said first (11) or with
said second (12) chamber, said chambers
(11,12,13a,13b) being arranged at the abutment sur-
face of at least one of said bushes (9,10) against
said cover (8), the openings (5,6) alternatively car-
rying out the function of suction or delivery opening.

Pump according to claim 1, wherein said wheels
(3,4) have helical toothings.

Pump according to claim 1 or 2, wherein said third
chamber (13a,13b) is in communication with that
chamber chosen from among said first (11) and said
second (12) chamber communicating with the open-
ing (5,6) which in use carries out the function of de-
livery opening, itbeing crossed by fluid at the delivery
pressure.

Pump according to any one of the preceding claims,
wherein said chambers (11,12,13a,13b) are ar-
ranged on said rear cover (8) at the faces of the bush-
es (10) which abut directly on the rear cover (8) itself,
said bushes (10) sustaining an axial thrust in use,
opposing the thrust generated by the gear wheels
(3,4) in rotation, generated by the fluid under pres-
sure present in said third chamber (13a,13b) and in
one from among said first (11) and second (12)
chambers communicating with the opening (5,6)
which in use carries out the function of delivery open-

ing.

Pump according to any one of the preceding claims,
wherein said first (11) and said second (12) cham-
bers are identical and symmetrically arranged with
respect to a symmetry axis.

Pump according to any one of the preceding claims,
wherein said third chamber comprises two opposing
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10.

11.

12.

13.

14.

10
zones (13a,13b) having an identical surface.

Pump according to claim 6, wherein said zones (13a,
13b) of the third chamber are interposed between
said first (11) and said second (12) chamber.

Pump according to any one of the preceding claims,
wherein said chambers (11,12,13a,13b) are con-
fined within grooves made on said rear cover (8) and
separated by seals (19).

Pump according to any one of the preceding claims,
wherein said interception means comprise a shutter
body (18) directly actuated by the pressure differ-
ence present between the first (11) and the second
(12) chamber, when the pump is in use.

Pump according to claim 9, wherein said shutter
body (18) is arranged inside a first duct (16) placed
in communication with said first (11) and second (12)
chamber.

Pump according to claim 10, wherein said shutter
body (18) has a cylindrical configuration with variable
section, mounted axially floating inside said first duct
(16).

Pump according to any one of the preceding claims,
wherein said third chamber (13a,13b) is in commu-
nication through a second duct (14) made in said
rear cover (8) and placed in fluid communication with
said first duct (16), said interception means (16) al-
ternatively isolating said first (11) or said second (12)
chamber from said first duct (16).

Pump according to claim 12, furthermore comprising
abutment means (20) on which the shafts (32,42) of
said gear wheels (3,4) lie in abutment, said abutment
means (20) being placed in communication with said
second duct (14) so to be subjected, when the pump
is in use, to an axial thrust generated by the pressu-
rised fluid present in said second duct (14) and
adapted to oppose the thrust generated by the rota-
tion of the gear wheels (3,4).

Pump according to claim 13, wherein said abutment
means comprise pins (20) mounted axially sliding
and scaled within respective housings (21) made on
said rear cover (8).
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